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(54) Title of the Invention: SEMICONDUCTOR DEVICE 
(57)[Abstract] 
25 [Object] 

A shape of a side surface of a contact hole of a semiconductor device is made 
smooth to prevent the disconnection failure of a wiring and cracks. 
[Constitution] 

■ A semiconductor device includes an integrated transistor element 2 formed 
30 over a substrate 1. The transistor element 2 is covered with an interlayer insulating 
film 6 containing an impurity. In addition, a wiring 8 is electrically connected to the 
transistor element 2 through a contact hole 7 opened in the interlayer insulating film 6. 
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An upper portion of the interlayer insulating film 6 contains an impurity at a high 
concentration, and a lower portion of the interlayer insulating film 6 contains an 
impurity at a low concentration. The contact hole 7 having a tapered shape can be 
opened by etching. 
5 [Scope of Claims] 
[Claim 1] 

A semiconductor device comprising an integrated transistor element which is 
formed ■ over a substrate, an interlayer insulating film which covers the transistor 
element and contains an impurity, and a wiring which is connected to the transistor 

10 element through a contact hole opened in the interlayer insulating film is characterized 
in that an upper portion of the interlayer insulating film contains an impurity at a high 
concentration, a lower portion of the interlayer insulating film contains an impurity at a 
low concentration, and the contact hole having a tapered shape can be opened by 
etching. 

15 [Claim 2] 

The semiconductor device according to claim 1 is characterized in that the 
transistor element is a thin film transistor element formed using a semiconductor thin 
film formed over an insulating substrate. 
[Claim 3] 

20 The semiconductor device according to claim 1 is characterized in that the 

interiayer insulating film is a glass film containing phosphorus or boron as an impurity. 
[Detailed Description of the Invention] 
[0001] 

[Industrial Field of the Invention] 
25 The present invention relates to a semiconductor device which includes an 

integrated transistor element formed over a substtate. More specifically, the present 

invention relates to a structure of a contact hole formed in an interlayer insulating film 

which covers a transistor element. 

[0002] 
30 [Prior Art] 

In order to clarify the background of the present invention, a general 
manufacturing method and a general structure of the conventional semiconductor device 
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are briefly described with reference to FIG. 6. As illustrated in the drawing, in a 
process A, a gate electrode 103 is formed by patterning over a surface of a P- type 
semiconductor substrate 101 with a gate insulating film 102 interposed therebetween. 
An impurity ion is injected into both sides of the gate electrode 103 at a high 
5 concentration, for example, with an ion implantation method, thereby forming an N+ 
type source region 104 and an N+ type drain region 105. Through the above steps, a 
basic structure of an insulated-gate field-effect thin film transistor element can be 
obtained. A surface of this thin film transistor element is covered with an interlayer 
insulating film 106. The interlayer insulating film 106 is formed using a glass film 

10 (PSG, BSG, or BPSG) containing phosphorus or boron as an impurity. Such a glass 
film containing an impurity flows by heat treatment and contributes to planarization of a 
surface of the semiconductor substrate 101 by a reflow effect. In particular, when 
phosphorus is contained as an impurity, it is possible to block an Na ion and the like 
which adversely affect operation characteristics of the thin film transistor element. 

15 [0003] 

Next, in a process B, a resist 107 is applied to the interiayer insulating film 106. 
Then, the photoresist 107 is subjected to light exposure and development treatment to 
be patterned into a predetermined shape. After that, wet etching is performed using the 
patterned photoresist 107 so that a contact hole 108 is opened in the interlayer insulating 
20 film 106. 
[0004] ■ 

Lastly, in a process C, the used photoresist 107 is removed, and then a metal 
film is formed. This metal film is patterned into a predetermined shape and is 
processed into a wiring 109 which is electrically connected to the source region 104 and 
25 the drain region 105. 
[0005] 

[Problems to be Solved by the Invention] 

Next, problems of the conventional structure are briefly described with 
reference to FIG 6. As described in the process B, the photoresist 1 07 is applied to the 
30 interiayer insulating film 106 in order to open the contact hole 108. In general, 
adhesion between the interlayer insulating film 106 and the photoresist 107 is favorable. 
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Therefore, when the interlayer insulating film 106 is etched by wet etching using the 
photoresist 107, the etching rate in the vicinity of the bonding interface is lower than 
that of the inside. As a result, an overhang 1 10 is generated at an end portion of the 
opened contact hole 108. As described in the process C, there is a problem in that the 
5 step coverage of the wiring 109 becomes poor due to this overhang 110, which causes 
the disconnection failure and the like. In addition, stress is concentrated on the curved 
side surface of the contact hole 108, which causes generation of cracks. There is a 
problem in that the transistor element is impregnated with a chemical solution such as 
an etchant through these cracks and contaminated. 

10 [0006] 

[Means for Solving the Problems] 

The following means are proposed in order to solve the above problems of the 
conventional technique. That is, a semiconductor device according to the present 
invention includes transistor elements integrated and formed on a substrate as a basic 

15 structure. Each transistor element is covered with an interlayer insulating film 
containing an impurity. A wiring is connected to each of the transistor elements 
through a contact hole opened in this interlayer insulating film. As features of the 
present invention, an upper portion of the interlayer insulating film contains an impurity 
at a high concentration, and a lower portion of the interlayer insulating film contains an 

20 impurity at a low concentration. The contact hole having a tapered shape can be 
opened by etching. The transistor elements are integrated and formed on a 
semiconductor substrate. Alternatively, the transistor element may be a thin film 
transistor element formed using a semiconductor thin film formed over an insulating 
substrate. The interlayer insulating film is formed using a glass film containing 

25 phosphorus or boron as an impurity. 
[0007] 
[Operation] 

In general, when an interlayer insulating film is etched by wet etching, the 
etching-rate becomes higher in proportion to the impurity concentration. Thus, in the 
30 present invention, a lower portion of the interlayer insulating film contains an impurity 
at a low concentration so that the etching rate becomes relatively low while an upper 
portion of the interlayer insulating film contains an impurity at a high concentration so 
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that the etching rate becomes high. Accordingly, regardless of strong adhesion 
between the interlayer insulating film and the photoresist, the upper portion of the 
interlayer insulating film is etched rapidly while wet etching of the lower portion of the 
interlayer insulating film is slow. As a result, a side surface of a contact hole opened 
5 in the interlayer insulating film has a smooth tapered shape and the step coverage of a 
wiring of an upper layer is improved, which can prevent the disconnection failure. In 
addition, concentration of stress can be eased and thus generation of cracks can be 
suppressed, whereby impetration with a chemical solution and the like can be prevented. 
[0008] 
10 [Example] 

Favorable examples of the present invention are described in detail below with 
reference to drawings. FIG. 1 is a schematic cross-sectional view of a first example of 
the semiconductor device according to the present invention. The integrated 
insulated-gate field-effect transistor element 2 is formed over the semiconductor 

15 substrate 1 formed using single crystalline silicon or the like. In this example, only the 
N-channel transistor element 2 is described as an example for convenience; however, it 
is needless to say that an integrated P-channel transistor element can also be formed at 
the same time. A gate electrode 4 is formed by patterning over a surface of the P- type 
semiconductor substrate 1 with a gate insulating film 3 interposed therebetween. N+ 

20 type impurity regions 5 are formed on both sides of the gate electrode 4 and serve as a 
source and a drain. 
[0009] 

The transistor element 2 is covered with the interlayer insulating film 6 
containing an impurity. The wiring 8 which is connected to an impurity region 5 of the 

25 transistor element 2 through the contact hole 7 opened in the interlayer insulating film 6 
is provided. As features of the present invention, the upper portion of the interlayer 
insulating film 6 cofitains an impurity at a high concentration, and the lower portion of 
the interlayer insulating film 6 contains an impurity at a low concentration. In this 
example, the interlayer insulating film 6 has a three-layer structure: an upper layer 6u 

30 contains an impurity at a relatively high concentration; a middle layer 6m contains an 
impurity at an intermediate concentration; and a lower layer 61 contains an impurity at a 
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relatively low concentration. Note that the present invention is not limited to the 
three-layer structure, and the number of layers can be selected as appropriate. In 
addition, the present invention is not limited to a layer stmctiire in which the impurity 
concentration is sequentially distributed, and the impurity concentration may be 
5 changed in a depth direction successively. 
[0010] 

When a high concentration of an impurity is distributed in the upper portion of 
the interlayer insulating film 6 and a low concentration of an impurity is distributed in 
the lower portion of the interlayer insulating film 6, the contact hole 7 having a tapered 

10 shape can be opened by wet etching. That is, as wet etching proceeds in a depth 
direction, the etching rate becomes low. Accordingly, a side surface of the contact 
hole 7 has a smooth tapered shape. On the other hand, the upper portion is etched 
rapidly; thus, the overhang is not generated. Therefore, the step coverage of the wiring 
8 is improved. Note that in this example, a glass film containing an impurity 

1 5 phosphorus or boron is used as the interlayer insulating film 6. 
[0011] , 

Next, a method for manufacturing the semiconductor device illustrated in FIG. 
1 is described in detail with reference to FIG. 2 and FIG. 3. First, in the process A, the 
gate insulating film 3 is formed over the surface of the semiconductor substrate 1 which 

20 is formed using P- type single crystalline silicon. In this example, the surface of the 
semiconductor substrate 1 is subjected to thermal oxidation treatment in order to form 
an SiOi film, and then SiN is deposited. Then, in the process B, a polycrystalline 
sihcon film 9 is formed over a surface of the gate insulating film 3. This 
polycrystalline silicon film 9 is doped with an impurity and the resistance thereof 

25 decreases. After that, in the process C, the polycrystalline silicon film is patterned into 
a predetermined shape by photolithography and etching and processed into the gate 
electi-ode 4. At the same time, the gate insulating film 3 is also cut into a 
predetermined shape. Moreover, in a process D, an N-type impurity is injected with 
ion implantation to form the N+ impurity regions 5 as a source and a drain. Through 

30 the above steps, a basic structure of the transistor element 2 can be obtained. 
[0012] 


6/10 


English Translation of JP H7- 1 6 1 8 1 6 


Next, in a process E of FIG. 3, the transistor element 2 is covered with the 
interlayer insulating film 6. In this example, a three-layer structure including 6u, 6m, 
and 61 is obtained by sequentially changing the concentration of an impurity such as 
phosphorus or boron. The interlayer insulating film 6 is formed, for example, with a 
5 chemical vapor deposition method (CVD method). By controlling the composition of 
a source gas, the interlayer insulating film 6 in which the upper portion 6u contains an 
impurity at a high concentration and the lower portion 61 contains an impurity at a low 
concentration is obtained. Next, in a process F, a photoresist 10 is applied to the 
interiayer insulating film 6. After baking, light exposure and development are 

1 0 performed to pattern the photoresist 10. As a result, part of a surface of the interlayer 
insulating film 6 is exposed. Further, in a process G, the exposed interlayer insulating 
film 6 is etched by wet etching using the photoresist 10 in order to open the contact hole 
7. As illustrated in drawings, the side surface of the contact hole 7 has a smooth 
tapered shape. Therefore, the overhang is not included. Lastiy, in a process H, the 

15 unnecessary photoresist 10 is removed, and then aluminum is deposited by sputtering. 
This alrjminum is patterned into a predetermined shape and processed into the wiring 8. 
In general, aluminum is a material with poor step coverage; however, according to the 
present invention, the contact hole 7 has a smooth tapered shape. Accordingly, the 
discoimection failure and the like are not caused. 

20 [0013] 

Next, a method for controlling the concentration of an impurity in the interlayer 
insulating film is described in detail. As described above, a glass film (PSG, BSG, or 
BPSG) containing phosphorus or boron is formed with a CVD method. In the CVD 
method, chemical vapor deposition is performed using a mixed gas of a source gas 

25 (SiH4 0r the like) and an impurity gas (PH3, B2H6, TMP, TMB, TMOP, or the like). 
At tills time, tiie flow rate of an impurity gas is set to be low at the early stage of 
formation of the film. For example, the impurity concentration at the stage of 
formation of the film is set to 0 ~ 10 wt%. The flow rate of the impurity gas at the late 
stage of formation of the film is set to be higher than that of the early stage of formation 

30 of the film. Specifically, the flow rate of the impurity gas is controlled such that the 
impurity concentration of the upper layer of the interiayer insulating film is at least 0.5 
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wt% or more higher than the impurity concentration of the lower layer of the interlayer 
insulating film. 
[0014] ■ 

FIG. 4 illustrates an example in which an interlayer insulating film is formed 
5 using a continuous single-wafer CVD apparatus. The continuous single-wafer CVD 
apparatus includes a plurality of source gas ejection outlets 22 in a chamber 21 . In the 
chamber 21, the substrate 1 which is subjected to treatment is mounted on a conveyor 
23 and .moved &om an upstream side to a downstream side. In this case, when the 
substrate 1 passes through the first source gas ejection outlet, a film containing an 

10 impurity of 4.0 wt% is formed to a thickness of at least 20 nm or more. When the 
substrate 1 passes through the second source gas ejection outlet, an insulating film 
containing more impurities than the first layer is formed. When the substrate 1 passes 
through the last source gas ejection outlet, an insulating film containing an impurity of 
at least 4.5 wt% is formed to a thickness of at least 20 nm. Through the above steps, 

15 an interlayer insulating film in which the impurity concentration is sequentially 
increased and distributed from the lowermost layer to the uppermost layer can be 
formed. 
[0015] 

■ Note that in the case where a batch treatinent CVD apparatus is used, first, an 
20 inside of a reaction fiimace is purged using an inert gas, and then film formation is 
started. First, an insulating film containing an impurity of 4.0 wt% is formed to a 
thickness of at least 20 nm. In accordance with the predetermined treatment program, 
in the next step, the number of impurities to be contained is made larger than that of the 
first layer. Lastly, an insulating film containing an impurity of at least 4.5 wt% is 
25 formed to a thickness of 20 nm. Through the above steps, an interiayer insulating film 
in which the impurity concentration is sequentially or successively increased and 
changed from the lowermost layer to the uppermost layer can be formed. 
[0016] 

FIG. 5 is a cross-sectional view of a second example of the semiconductor 
30 device according to the present invention. It basically has a structure similar to that of 
the first example illustrated in FIG. 1. Corresponding portions are denoted by the 
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same reference numerals to facilitate the understanding. The different point is that an 
integrated circuit is formed using a thin film semiconductor element 2a. Therefore, in 
this example, an insulating substrate la formed using glass, quartz, or the like is used 
instead of the semiconductor substrate 1. A semiconductor thin film 51 formed using 
5 polysiUcon, amorphous silicon, or the Uke is patterned into a predetermined shape over 
a surface of the insulating substrate la. The gate electrode 4 is formed by patterning 
over the semiconductor thin film 51 with the gate insulating film 3 interposed 
therebetween. The semiconductor thin film 51 has a P- type and includes a channel 
region right under the gate electrode 4. N+ type impurity regions 52 are provided on 

10 both sides thereof and serve as a source and a drain. The wiring 8 is electrically 
connected to the impurity region 52 through the contact hole 7 opened in the interlayer 
insulating film 6. As described above, the upper portion of the interlayer insulating 
film 6 contains an impurity at a high concentration, and the lower portion of the 
interlayer insulating film 6 contains an impurity at a low concentration. The contact 

15 hole 7 opened by wet etching has a smooth tapered shape. Accordingly, the step 
coverage of the wiring 8 formed using alumimmi or the like is favorable, and the 
probability of occurrence of the discormection failure becomes low. In particular, in 
the case of the thin film transistor element 2a, the film stress increases. Thus, the 
contact hole 7 with a tapered shape has an advantage in terms of prevention of cracks 

20 and the like. 
[0017] 

[Effect of the Invention] 

In general,' the etching rate of an interlayer insulating film (PSG, BSG, or 
BPSG) becomes higher in proportion to the impurity concentration. Thus, in the 

25 present -invention, the concentration of an impurity in the interlayer insulating film is 
controlled such that the lower portion of the interlayer insulating film contains an 
impurity at a low concentration and the upper portion of the interlayer insulating film 
contains an impurity at a high concenttation. Accordingly, the side surface of the 
contact hole opened by wet etching has a smooth tapered shape, which has an effect of 

30 preventing the disconnection failure of the wiring, impregnation with a chemical 
solution, and the like. 
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[Brief Description of the Drawings] 

[FIG. 1] A cross-sectional view of the first example of the semiconductor device 
according to the present invention. 

[FIG. 2] Process views of the manufacturing method of the first example. 
5 [FIG. 3] Process views of the manufacturing method of the first example as well. 
[FIG. 4] A schematic view of a method for forming an interlayer insulating film. 
[FIG. 5] A cross-sectional view of the second example of the semiconductor device 
according to the present invention. 

[FIG. 6] Explanatory views of a manufacturing method and a structure of the 
10 conventional semiconductor device. 
[Description of Reference Numerals] 
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Abstract Of JP 7161816 (A) 

PURPOSE:To prevent the disconnection fault of an 
interconnection and to prevent a crack by a method 
wherein the edge shape of a contact hole in a 
semiconductor device Is made smooth. 
CONSTITUTION:A semiconductor device contains a 
transistor element 2 which has been integrated and 
formed on a substrate 1 . The transistor element 2 is 
covered with an interlayer Insulating film 6 which 
contains Impurities. In addition, an Interconnection 8 
Is connected electrically to the transistor element 2 
via a contact hole 7 which has been opened In the 
Interlayer insulating film 6. The interlayer insulating 
flim 6 is formed in such a way that Its Impurity- 
contained concentration Is high at the upper part 
and that Its Impurity-contained concentration Is low 
at the lower part, and the contact hole 7 which Is 
taper- shaped can be opened by an etching 
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fil49^-¥>-'<2 lrtC»ro)S»a#««tilP 2 2S-#L. 
TV^5. -(D9"-W/';2 1 (caUT, »a*t*t<C5S 
S 1 AS 3 i^-^T 2 3 IC«:«Stl-r±ffll.«^ e>Ti)ftfllC# 

t!)-rSo c:«K5i#S(73(giH-M#*tbn&jiii-r5>Bt,#. 

T\ 4 . 0 a»%(D^W*&-a-A/fc''>;i: < t t 2 0 nmlit 

-h»EfeR&ff'j5. 2#@roMM#«t±ip&aia-r5 

1^(^14 lJl@J;Dt#-< (D^MifeSr^A/fc-ftMSSr*)^ 
1-5o l:*ISS»fittS*i*iilPSrffiS1-5K(::[4, '> 

< i t> 4 . 5 mm%n^m»&f;A.tzmmmi'pf£ < 

[0 0 15] /ifev^^yf^MSCVDSB^fflV^feS-S- 


?S^T»ro;^if j-yx-tt 1 Ji B J; 0 %:T:*iEft$«*# 
^/E'«S)S*2 Onm(*)g-f 5„ r^lfc J: "3 ftT*A»E=* 

[0 0 16] III5i±*IS5)!(-*»x)^a4^»»g«ro»?2* 

mm&^-rm'mmx'&i, g:^matm i i;*Lfci5 1 

5. ttgMi a«*Bttt, #y ->y 3^'Xl4r*/^ 
7 r ■> y =" e> 'S; 5 #i*(*?i8S 5 1 imi^nm-ik 

h mmm 3 lt -y- f as 4 = :^ i^'mss. * n 

iC14N + S!)(»?F;«*fiI« 5 2 ^SfSfJ htiy~:^RV F I' 
5. Mil! LtLmf:^mM»m e (4±g51:-i« < TaTfgV^ 

<*5o »(;|»Kh7Vv=X#',^^-2a«^-&K:^M-- 


[00 17] 

mmniihSk] -»(;«miffi»ffi (psg, bsg, b 

PSG) i45Fft«l^*!g«t;J:tiyi|bT:^S'9^i'7':^g«! 

^!S.^riixi&< ±iix^< t£i>m\'umu tr^v ^ 

[l21ffi«ffl¥/£tftlM] 

[g 1 ] «e)1i;*»;5^5^W-ffaSEwK 1 

[13 2] «l**^JrolJffi*?i*7S-tia0T-fc5<. 
[0 3] iHic<«i«M<DSit*a;%'T*i-isiax-fo 

[0 4] JlRil*6S«i©*R*?**'T^-r«SElT-&5„ 
[05] *?Sij^i;7)>*>54iWSfiro«2^1S^JS:.T;-r 

[H6] »<»*^*Sg««:SitS.a'«:itSr5S« 

[ff-^»IftSfl] 

1 W»:Sffi 

2 h7^'v';^?«^ 

3 hISSBI 

4 -y- h«« 
5 

6 mfmwm 
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